Abstract. According to the weakness character of seismic capacity of high voltage breaker and ensuring no damage at the time of the earthquake, the LW58-252 breaker is used as research object to carry out the aseismic capacity and seismic Isolation analysis. Firstly, the modal analysis of LW58-252 high voltage breaker is carried out, the natural frequency and mode shape of the breaker is calculated, and the easily damaged parts of the high voltage breaker are determined. Secondly, according to the standards of the IEEE Std-693-2005 and GB/T 13540-92, natural El-centro wave and Taft wave are used to carry out the level excitation of the high voltage breaker, and the time history analysis of the displacement and stress of the vulnerable parts of LW58-252 are carried out, and the maximum displacement and maximum stress of vulnerable parts are determined. Finally, the performance of Seismic Isolation of breaker is carried out, and the influence of seismic isolation on the max displacement and stress of breaker is study. The above research can provide technical support for the seismic design optimization of the breaker.
Introduction
Power system is very important in every country. If the power system is destroyed, it will cause serious disaster and economic loss. China is one of the serious earthquake disaster, such as the 5.12 Wen-chuan earthquake occurred on 2008 in Sichuan, according to incomplete statistics, the Sichuan power grid produced economic losses about 7 billion 200 million RMB. And 500KV and below 500KV power equipment were seriously damaged [1] . High voltage breaker is one of the most important equipment in power system. According to the structure type, high-voltage breakers are divided into two categories：tank breaker and porcelain breaker. Because the cheap price of porcelain breaker, so it has been widely used in engineering [2] [3] . Due to the narrow shape, small damping ratio, and the proximity of the natural frequency of the breaker and dominant frequency of seismic wave, the high voltage porcelain breaker is easily excited to cause resonance. In addition, the main part of porcelain breaker is the brittle ceramic materials which have poor aseismic capacity that is prone to be damaged during the earthquake. Therefore, the research for aseismic performance of high voltage porcelain breaker has important significance. So far, the aseismic performance of high voltage porcelain breaker has been studied in many aspects by many scholars from various countries. In foreign countries, such as Rolf Hellested [4] , by vibration test bed, studied the stress state of porcelain breaker in the open / off state under the actual earthquake waves. The results show that the stress of breaker increase; Girode [5] compared the results of vibration test bed and finite element model of breaker. The results show that the consistency is high between the finite element method simulation and experimental test, and the finite element model can be extended to other types of porcelain breakers. Amir M [6] analyzed the seismic response of high voltage breaker by finite element simulation and Seismic vibration test, the vulnerable position and damage types are obtained, the research provide technical support for the design and fixed types of the porcelain breaker. Robin-Jouan [7] simulate the fluid mechanics when the gas enters the cavity of the porcelain breaker, the cavity's stress be simulated when temperature change from 300K to 3000K . The flow mechanism of SF6 gas and its influence on the cavity stress are understood well. Mosalam [8] simulated the seismic performance of the porcelain breaker, and the simulation was corrected by real time mixed simulating which have higher accuracy.
In China, such as, Li Yaqi [9] established the three-dimensional finite element model of the porcelain breaker considering the torsion effect, and studied the aseismic performance and the effect of seismic isolation on the aseismic performance. Feng Dong [10] analyzed the reliability of aseismic behavior of the porcelain breaker based on the random vibration signals. For the SF6 circuit breaker, Cao Meigen [11] established its finite element model, and the dynamic magnification factor of the bracket was obtained by the time history analysis of the displacement, acceleration and stress of key nodes. The seismic isolation effect of lead damper was analyzed by Zhang Xuesong [12] , and the results show that the stress at the bottom of the porcelain support is reduced by more than 53%. Xie Qiang [13] analyzed the influence of bracket's structure type and the opening and closing of the switch on the displacement, acceleration and stress of key nodes. The aseismic performance of breaker under AG5 condition is analyzed by Wu Shengbin [14] , and the easily broken parts are obtained. And the influence of the bracket structure on the aseismic performance of the porcelain breaker is analyzed.
According to the research status at home and abroad, performance of the aseismic and seismic Isolation are carried out for the LW58 -252 type high voltage porcelain breaker. the points and parts prone to be damaged are determined when earthquake occurs, and the influence of seismic isolation on the key points is studied.
Analysis of Aseismic Capacity for the Circuit Breaker

Diagram of porcelain breaker and finite element model
The 3D model of the circuit breaker is assembled in UG, the 3D model is saved as x_t file, and then imported into ANSYS for finite element analysis. In the finite element model, the mechanical properties of the main materials are defined, as shown in Table 1 . In the finite element model of the porcelain breaker, the element types are mainly beam189 element and mass21 element (the internal structure of fire the extinguishing chamber is equivalent to the lumped mass). The flange and the porcelain support/fire extinguishing chamber are connected by glue which are defined by Glue Boolean operation in ANSYS. According to the theoretical formulas [2] , the bending rigidity of the connection between the porcelain support and flange, the moment of inertia of the beam element, are calculated respectively, that is 2.8×106 N . m/rad and 1.5×10 -6 m 4 . The above values are added to the finite element model.
Modal analysis
The bottom of the bracket are fully restrained, the modal parameters are extracted by using block method. The analytical ranges of modal calculation, and the extended mode, are respectively set to 10, and the analytical frequency band is set to 0-50Hz. Previous studies [1] [2] [3] have shown that: high voltage porcelain breaker is more sensitive to seismic wave in 1-10Hz band. The first two natural frequencies and modal shapes of LW58-252 breaker are shown in this paper. The natural frequencies of the breaker in X and Y directions, the corresponding vibration modes, are respectively calculated, as shown in Table 2 and Figure 1 . As shown in Figure 1 , the first order modal shapes are mainly the swing around the connection between the box and the porcelain support. The second order modal shapes include two motions: 1) the swing around the connection between the box and the porcelain support; 2) the swing between the bracket and box. According to the theory of material mechanics, the following conclusions can be obtained:
1) Under the excitation of gauss white noise, the displacement of the top of the porcelain breaker is the largest.
2) The easily damaged positions are mainly: the connection between the box and the porcelain support, and the connection between the bracket and the box.
Time history response analysis According to the standards "IEEE Std-693-2005" recommended by seismic design of American substation, and china standard of high voltage switchgear seismic performance test "GB/T 13540-2009", natural El-centro wave and Taft wave are selected for time history analysis. Under the action of two kinds of seismic waves, the time history analysis of the stress of the connections between the porcelain support and the box (A point), between the Bracket and the box (B point), and displacement at top are simulated. The peak values of the above physical quantities are extracted, as shown in Table 3 . 
Analysis of Seismic Isolation for the Circuit Breaker
In engineering application, seismic isolation device should have larger vertical load capacity and the smaller horizontal stiffness, which can not only meet the use requirements of the breaker in the vertical, but also can produce large horizontal displacement when earthquake occur. In the ANSYS simulation software, there is no ready-made model. However, the mechanical model can be simplified as a nonlinear spring, viscous damper in x and y directions, and vertical linear spring. The vertical stiffness is simulated by combin14 element, and two horizontal directions are simulated by combin40 element (non-linear spring element). The schematic of the combin40 element is shown as follows: Figure 2 . Theoretical model of combin40 element.
The parameters of the seismic isolation device in the horizontal direction are as follows: stiffness before yielding (Ku), stiffness after yielding (Kd), yield force (Qd), damping ratio. The parameters of Combin40 element were selected: K2=Kd; K1=Ku-Kd; FSLIDE=Qd; GAP=0. In this paper, the LRB300 seismic isolation device is selected, and its main performance parameters are shown in Table 4 . The seismic isolation model is added to the bottom of the breaker, According to "modal analysis" process, the natural frequencies of the breaker are calculated, as shown in Table 5 . It can be seen from Table 5 , the natural frequency decreases obviously, the natural period of vibration increase. From the seismic response spectrum of electrical equipment of Figure 3 can be found: the maximum amplitude of acceleration response generally occurs in the frequency range of 5-10Hz. The natural frequency of the breaker adding the seismic isolation is reduced to around 1.58Hz, which is in the declining phase in Figure 6 , that is, the amplitude of the response acceleration is smaller than before.
After the seismic isolation device is added, the time history analysis of the displacement and stress of the key points is carried out, and the peak values are shown in Table 6 . Figure 3 . The seismic response spectrum of electrical equipment. [3] As can be seen from Table 6 , under the action of different seismic waves, the peak values of the stresses of the breaker are reduced to the original peak value of 35% -40%. However, the displacement of the top of the breaker increase, the reason is that the displacement of the top includes the whole movement of the structure. Although the absolute displacement of the top is increased, the relative displacement between the porcelain support and the box, between the box and the bracket decreases, and the corresponding stress decreases.
Conclusions
1. The high voltage breaker is analyzed in this paper, natural frequencies in X and Y directions are calculated by finite element model. Easily damaged parts of porcelain breaker are found by modal shapes which are the connection between the porcelain support and the box, between the box and the bracket.
2. The combin14 and combin40 elements in ANSYS are used to simulate the seismic isolation model. According to the domestic and foreign standards, El-centro and Taft wave are used to horizontally excited the porcelain breaker. The maximum stress and displacement of the breaker before and after the seismic isolation are compared. The results show that the stress values of the breaker in the easily damaged part are significantly reduced. Although the absolute displacements at the top of the breaker increase, however, the relative displacement of each part of the circuit breaker decreases.
